Objective: The purpose of this study was to quantify the effect of physical activity (in both descriptive and intervention studies) on health-related quality of life (HRQOL) in children and adolescents from both healthy and chronic illness populations. Method: A systematic review of PubMed, PsycINFO, and ProQuest identified 33 studies of physical activity and HRQOL in youth, including descriptive and prepost intervention designs. Results: In descriptive studies (N ϭ 14), there was a small, positive association between physical activity and HRQOL based on child-reports (Hedges' g ϭ .302, p Ͻ .001, 95% confidence interval, CI [.178, .426]) and a negligible association based on parent-proxy reports (Hedges' g ϭ .115, p ϭ .101, 95% CI [Ϫ.023, .253]). Intervention studies (N ϭ 19) yielded a small, positive effect of physical activity intervention on HRQOL based on child-reports (Hedges' g ϭ .279, p ϭ .014, 95% CI [.057, .500]) and a medium, positive effect based on parent-proxy reports (Hedges' g ϭ .522, p ϭ .012, 95% CI [.117, .928]). Intervention effects were attenuated by removal of a single study. Hypothesized and exploratory moderators did not moderate the relationship between physical activity and HRQOL. Conclusions: Findings supported the primary hypothesis that physical activity was related to better HRQOL in youth, although the magnitude of these effects did not represent a minimal clinically important difference (MCID) in most studies. Future studies are needed to assess HRQOL in youth before and after exercise interventions to quantify the type, frequency, duration, and intensity of physical activity needed to change HRQOL.
The U.S. Department of Health and Human Services (2008) and the World Health Organization (2010) recommend that children and adolescents achieve 60 min of moderate-to-vigorous physical activity (MVPA) each day to optimize health benefits. Physical activity is associated with a number of positive physical and psychosocial health outcomes, such as healthy weight maintenance (Janssen et al., 2005) , reduced risk of chronic diseases (Centers for Disease Control [CDC], 2015; Ekelund et al., 2012 ; U.S. Department of Health & Human Services, 2008) , reduced depressive and anxiety symptoms, improved cognitive function, and increased self-esteem (e.g., Brown, Pearson, Braithwaite, Brown, & Biddle, 2013) . A recent conceptual model proposes that MVPA affects global well-being by releasing neurotransmitters, improving mood, building social connectedness, and increasing sleep quality, which interact to result in positive downstream effects on psychosocial health (Lubans et al., 2016) .
One construct that measures global well-being across disorders and disciplines is health-related quality of life (HRQOL). HRQOL is a descriptor of holistic health that takes into account an individual's perceptions of his or her own physical, mental, and social functioning (CDC, 2011; Office of Disease Prevention and Health Promotion, 2015) . Use of this self-reported outcome is supported by the Patient-Reported Outcomes Measurement Information System (PROMIS) initiative developed by the National Institutes of Health (NIH) to improve patient-provider communication and disease management (NIH, 2017) . HRQOL can also provide a conceptual understanding of the subjective burdens associated with individual health (CDC, 2011) , which may be a unique predictor of mortality risk (DeSalvo, Bloser, Reynolds, He, & Muntner, 2006) .
Past research describes bidirectional associations between HRQOL and physical activity in youth. Cross-sectional studies have found generally positive associations between self-reported physical activity and HRQOL (Dalton, Schetzina, Pfortmiller, Slawson, & Frye, 2011; Herman, Sabiston, Tremblay, & Paradis, 2014; Kantor, Grimes, & Limbers, 2015; Lacy et al., 2012) . There may even be a dose-response relationship between physical activity and HRQOL, with youth reporting 1.5-2.6 unit increases in physical HRQOL for each additional hour of physical activity (Gopinath, Hardy, Baur, Burlutsky, & Mitchell, 2012) . Positive relationships between physical activity and HRQOL in youth appear to be replicated in limited longitudinal studies as well: One study found adolescents who maintained the highest levels of physical activity over 5 years had significantly higher HRQOL (Gopinath et al., 2012) , while another study found baseline HRQOL predicted engagement in physical activity up to 1 year later (Jensen, Cushing, & Elledge, 2014) . These studies indicate that youth who are more physically active may have higher HRQOL or that youth with greater HRQOL may be more likely to engage in physical activity.
Several reviews have examined associations between physical activity and mental health, subjective health, or psychosocial wellbeing in healthy youth (Granger et al., 2017; Gu, 2017; Lubans et al., 2016; Poitras et al., 2016; Wong, Lycett, Olds, Gold, & Wake, 2017) . These reviews suggest that physical activity is generally related to higher self-reported health and psychological well-being (Granger et al., 2017; Poitras et al., 2016; Wong et al., 2017) . Notably, Granger, et al. (2017) found that physical activity was positively related to self-reported health status in nine out of 11 studies, and Wong et al. (2017) found that increased time spent in MVPA was associated with higher HRQOL ratings in adolescents in 13 out of 15 studies. However, these reviews were limited by a dearth of studies, a lack of objectively measured physical activity, high study heterogeneity, a lack of inclusion of chronically ill youth, and inconsistent use of HRQOL and physical activity measures that restricted authors from determining aggregate effects (Granger et al., 2017; Lubans et al., 2016; Poitras et al., 2016; Wong et al., 2017) .
Thus, the primary aim of this meta-analysis was to systematically review the literature and summarize the magnitude and direction of associations between physical activity and HRQOL in youth using effect sizes, to inform universal interpretations of pediatric functioning in relation to physical activity. This metaanalysis is timely as HRQOL is becoming widely used as a universal outcome of individual functioning across disorders (NIH, 2017) . It was hypothesized that youth who were more physically active would report higher total HRQOL.
The secondary aim of this meta-analysis was to identify moderators of the relationship between HRQOL and physical activity. Four a priori moderators were examined: chronic disease status, weight status, sex, and study rigor. Children with chronic health disorders and overweight or obesity typically report lower HRQOL than healthy controls (Dalton, Smith, Dalton, & Slawson, 2015; Herman et al., 2014; Lacy et al., 2012) and were predicted to be more positively impacted by minor returns to normalcy, such as engaging in small increases in physical activity (Speyer, Herbinet, Vuillemin, Briançon, & Chastagner, 2010 ). Weight status was tested as a separate moderator because of the extant literature on HRQOL and physical activity in youth who are overweight or obese, and findings that weight status may explain up to a third of the variance in HRQOL postexercise intervention (de Beer et al., 2007) . Study rigor was included as a moderator given that study design weaknesses can impact outcomes. For instance, youthreported physical activity has shown only low-to-moderate correlations with objective measures of physical activity (i.e., direct observation, accelerometry) and self-reporters often overestimate activity duration and intensity (Ekelund, Tomkinson, & Armstrong, 2011) , indicating that results comparing HRQOL with self-reported physical activity may be artificially inflated. Conversely, randomized controlled designs were expected to have lower between-study variability in outcomes than less tightly controlled designs (i.e., cross-sectional, matched groups). Finally, based on conflicting research about the impact of gender on both physical activity and HRQOL (Dalton et al., 2015; Ekelund et al., 2012; Herman et al., 2014; Kantor et al., 2015; Lacy et al., 2012) , sex was proposed as an exploratory moderator.
Method

Literature Search
The databases PubMed, PsycINFO, and ProQuest Dissertations were searched in a comprehensive literature review of published and unpublished articles about physical activity and HRQOL in youth. Search terms included the keywords physical activ ‫ء‬ OR exercise AND health related quality of life AND child OR adolescent OR youth OR pediatric. In PsycINFO, age filters were used to select articles pertaining to childhood (birth-12 years) and adolescence (13-17 years), in place of the keywords child OR adolescent OR youth OR pediatric. No date range restrictions were imposed on this search. Forward and backward-searches, based on the reference sections of included articles and relevant reviews, were used to identify additional articles not yielded in the preliminary database search. The initial literature search was conducted on March 26, 2016 and the search was finalized on July 26, 2017. The authors adhered to PRISMA guidelines while conducting this systematic review (Moher, Liberati, Tetzlaff, & Altman, 2009 ).
Inclusion or Exclusion Criteria
To be included in the analysis, articles must have been (a) written in English, (b) available in full text, (c) included participants with a mean age Ͻ18 years at the time of study participation, (d) measured both physical activity and HRQOL or included a physical activity intervention with HRQOL outcomes, and (e) provided enough information to calculate effect sizes. For HRQOL, only studies with validated measures of HRQOL that reported a total or global score (for general or disease specific HRQOL) were included. For studies that measured physical activity, only measurements in continuous units (e.g., minutes, steps, and metabolic equivalents [METs]) were included. Articles that measured physical activity categorically (e.g., Likert scale, met or did not meet MVPA recommendations) were excluded because these methods of measurement did not provide a meaningful magnitude of physical activity for effect size calculations. Articles that measured physical fitness but not physical activity, or reported only specific domains of HRQOL (e.g., psychosocial, physical, and emotional) were also excluded. Duplicate articles from the same study were removed. Authors were contacted in an effort to include articles that appeared to measure target outcomes but did not initially provide enough information to calculate effect sizes.
This meta-analysis included descriptive studies and intervention studies. Descriptive studies included nonintervention studies (e.g., cross-sectional surveys, observational studies, and baseline characteristics only) that directly measured associations between physical activity and HRQOL. Outcomes were aggregated for longitudinal studies that reported direct associations between physical activity and HRQOL at multiple time points. Descriptive studies that did not measure the direct association between physical activity and HRQOL were excluded. Intervention studies had to include an exercise intervention (e.g., resistance training, aerobic fitness, and physical activity education) and measure HRQOL preThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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and postintervention against a comparison group. Case studies and interventions that lacked a control group were excluded.
Coding of Studies
Two trained reviewers (e.g., research assistants and graduate students) independently reviewed article abstracts and then full text articles for inclusion and exclusion criteria. Discrepancies were resolved by consensus. EndNote version ϫ7 (Clarivate Analytics, Philadelphia, PA) was used to organize and code relevant articles.
Study Rigor
An 18-point measure of study rigor, initially developed by Lundahl, Kunz, Brownell, Tollefson, and Burke (2010) and adapted by Gayes and Steele (2014) was used to assess study quality (see the online supplemental Figure 1 ). Points were assigned for each aspect of study quality that was explicitly reported, such as including multiple sites and reporting study drop-outs. Points were summed and total scores ranged from 0 -18, where higher scores indicated greater study rigor. Twenty percent of articles were coded independently by a second reviewer. The intraclass correlation coefficient for reliability across coders was .95 (intraclass correlation coefficient, ICC; 95% confidence interval, CI [.64, .99]).
Data Analysis
Effect sizes were calculated using Hedges' g to quantify the magnitude and direction of associations between physical activity and HRQOL in youth. Hedges' g was selected over Cohen's d to better account for variable study sample sizes, which ranged from less than 10 to over 1000 (Durlak, 2009; Hedges & Olkin, 1985) . Effect sizes for descriptive studies were calculated from measures that directly associated physical activity and HRQOL, including bivariate Pearson correlations, t tests, and F tests. Effect sizes for intervention studies were calculated using pre and post means, SDs, and sample sizes for the intervention versus control group. In select cases where prepost SDs were not provided in the article, SDs were calculated from 95% CIs. This resulted in four separate random effects models to compute effect sizes in descriptive and intervention studies, as well as child-and parent-proxy reported HRQOL. Effect size analyses were completed using Comprehensive Meta-Analysis software Version 3 (Biostat, Englewood, NJ) and generally interpreted using Cohen's guidelines: 0.20 (small), 0.50 (medium), and 0.70 (large; Cohen, 1988; Durlak, 2009) .
The Q-statistic was calculated for all models to test for significant within-group variability (Card, 2012) , and for models with a significant Q-statistic, metaregressions were used to examine the impact of hypothesized moderators of the relationship between physical activity and HRQOL. Chronic disease status was categorized as a dichotomous moderator (yes/no), while weight status (percent overweight), sex (percent female), and study rigor (Lundahl score) were tested as continuous moderators.
Potential publication bias was measured using the fail-safe N statistic, which described the number of nonsignificant, excluded studies needed to reduce overall effect sizes to nonsignificance. The fail-safe N statistic was calculated using the formula N ϭ k͑M ES Ϫ ES min ͒ ր ͑ES min Ϫ ES excluded ͒ where k was the number of studies, M ES was the mean effect size, ES min was the minimally significant effect size of 0.1, and ES excluded was zero (Card, 2012) . Funnel plots were also visually inspected for publication bias.
Results
Search Strategy
The initial key terms literature search identified 1,202 articles from PubMed, PsycINFO, and ProQuest. After duplicates and nonarticles (e.g., book chapters) were removed, 1,081 unique articles remained. Abstracts for each of these articles were screened for study inclusion or exclusion criteria and 471 articles were identified for full text review. Forward and backward searches identified an additional five articles that met full inclusion criteria. Thirty-three total studies met inclusion criteria, provided enough information to calculate effect sizes, and were included in analyses. These included 14 descriptive studies and 19 intervention studies. A PRISMA diagram of all articles assessed during the review process and reasons for study exclusion are provided in Figure 1 .
Description of Included Studies
As indicated in supplemental Table 1 , studies included youth ranging in age from 3-18 years and a near-equal split of males and females. About half of descriptive studies (N ϭ 7) and the majority of intervention studies (N ϭ 15) focused on children with a chronic disease, including overweight or obesity, cancer, epilepsy, juvenile idiopathic arthritis, asthma, cystic fibrosis, and youth who required a kidney transplant. The majority of descriptive studies were cross-sectional surveys, while the majority of intervention studies were randomized controlled trials (RCTs). In descriptive studies, over half of the studies quantified physical activity using subjective self-report measures and seven studies used objective physical activity measures, such as pedometers or ActiGraph accelerometers (ActiGraph, LLC, Pensacola, FL). The majority of intervention studies did not directly measure physical activity. The vast majority of studies used the Pediatric Quality of Life Inventory (PedsQL; Varni, Burwinkle, Seid, & Skarr, 2003) as a measure of HRQOL. The majority of HRQOL measures were completed by children, although multiple studies included parent-proxy report of HRQOL. For intervention studies that used the PedsQL, the average baseline scores were 70.6 (SD ϭ 15.4; child report) and 67.5 (SD ϭ 16.3; parent-proxy report).
Six intervention studies included traditional group-based exercise interventions (i.e., cardiorespiratory and/or resistance training) and five were multicomponent obesity interventions that included exercise, diet, and education components. The remaining interventions tested specific types of exercise (e.g., dance exergaming, physical education/YMCA activities, stationary cycling, and Pilates). Exercise interventions ranged from 10 weeks to two academic years (modal length ϭ 12 weeks); most interventions included 1-3 sessions per week lasting between 25 and 90 min. Intervention contact hours ranged from 1.5-54 total hours (M ϭ 24.58 Ϯ 15.31), although six studies did not report detailed information to determine total contact hours. Fifteen studies compared the intervention to a no treatment control group, usual care, or wait This document is copyrighted by the American Psychological Association or one of its allied publishers.
list; four studies compared against an active control group that included education only or a different kind of exercise intervention.
Effect Sizes
Overall, descriptive studies demonstrated a small, positive association between physical activity and HRQOL based on childreports (Hedges' g ϭ .302, p Ͻ .001; Figure 2 , see top panel) and a negligible (nonsignificant) association based on parent-proxy reports (Hedges' g ϭ .115, p ϭ .101; Figure 2 , see bottom panel). More importantly, three studies did not report exact statistics, but merely stated that there was no significant association between physical activity and HRQOL (Groeneveld et al., 2012; Norris, Moules, Pelletier, & Culos-Reed, 2010; Whitney et al., 2013) . In an effort to include these null findings in the analyses, correlations of zero were imputed for the three studies with missing values.
Intervention studies yielded a small, positive effect of physical activity interventions on HRQOL based on child-report (Hedges' g ϭ .279, p ϭ .014; see Figure 3 , top panel) and a medium, positive effect of physical activity intervention on HRQOL based on parent-proxy reports (Hedges' g ϭ .522, p ϭ .012; Figure 3 , bottom panel). However, these effects were largely impacted by a single study, which reported findings over three standard deviations larger than the average effects in both intervention models (Mendonca et al., 2013) . If removed from analyses, the overall effect size for intervention studies based on child-reported HRQOL was reduced to marginal significance (Hedges' g ϭ .169, p ϭ .052) and the overall effect for intervention studies based on parent-proxy reported HRQOL was reduced to a small, significant effect (Hedges' g ϭ .261, p ϭ .016).
Hypothesized Moderators
The Q-statistic was calculated for all four models to test for significant sample heterogeneity. Significant Q-statistics were found for three of the four models: descriptive studies using child-report (Q(12) ϭ 35.568, p Ͻ .001), intervention studies using child-report (Q(11) ϭ 91.747, p Ͻ .001), and intervention studies using parent-report (Q(6) ϭ 72.254, p Ͻ .001). A nonsignificant Q-statistic was found for the parent-reported descriptive model (Q(3) ϭ 3.310, p ϭ .346), so this model was not included in moderator analyses.
For the models with significant Q-statistics, chronic disease status, weight status, sex, and study rigor were examined as potential moderators. Weight status was analyzed in a separate model because it was not reported for all studies. Chronic disease status and weight status were unable to be tested as moderators in parent-reported intervention studies because all of these studies were conducted in chronic disease samples and youth with over- This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
weight or obesity. None of the hypothesized moderators explained a significant portion of between or within-study heterogeneity (all ps Ͼ .12; supplemental Table 3 ).
Exploratory Moderator Analyses
Although not hypothesized a priori, previous reviews cited heterogeneity in exercise intervention duration, intensity, and frequency as possible confounders of intervention effectiveness (Granger et al., 2017; Lubans et al., 2016; Poitras et al., 2016; Wong et al., 2017) . Therefore, post hoc analyses were conducted to examine intervention contact hours as a proxy for exercise duration and frequency. Thirteen out of 19 studies reported detailed information to calculate total intervention contact hours, which was tested in two models based on child-or parent-proxy reported HRQOL. In both models, contact hours did not significantly moderate the effect of physical activity intervention on HRQOL (ps Ͼ .22).
Because of the broad range of child ages in included studies (3-18 years), age was also examined as an exploratory post hoc moderator. All studies reported adequate information to include age as a moderator and it was tested in all models with significant Q-statistics. In all models, age was not a significant moderator of the association between physical activity and HRQOL (ps Ͼ .43).
Publication Bias
A fail-safe N statistic of 26.26 was obtained for descriptive studies using child-report, 0.60 for descriptive studies using 
Parent-reported HRQOL
Child-reported HRQOL Figure 2 . Forest plot of random effects model for descriptive studies.
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parent-proxy report, 28.64 for intervention studies using childreport, and 42.20 for intervention studies using parent-proxy report. Removing the impact of the outlying study (Mendonca et al., 2013 ) from analyses, fail-safe N values dropped to 10.35 for intervention studies using child-report and 14.49 for intervention studies using parent-proxy report. These statistics indicate that between 10 and 42 additional nonsignificant studies would be needed to reduce overall effect sizes to a negligible effect of 0.1 for three out of four models. However, for descriptive studies that utilized parent-reported HRQOL, less than one additional nonsignificant study would be needed to reduce this effect size to 0.1, consistent with the already negligible effect found for this model. An inspection of the funnel plots indicated some gaps, particularly for nonsignificant descriptive studies. However, these funnel plots should be interpreted with caution because of the low number of studies (supplemental Figures 2 and 3 ).
Discussion
The primary aim of this study was to quantify the magnitude of the association between physical activity and HRQOL in children and adolescents. Recent initiatives recommend the use of HRQOL as a cross-disciplinary measure of subjective health outcomes (CDC, 2011; NIH, 2017) and this systematic review and metaanalysis aimed to be the first comprehensive examination of the relationship between physical activity and HRQOL across pediat- 
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ric populations. Aggregate data demonstrated a small to negligible association between physical activity and HRQOL across 14 descriptive studies, and a small to medium effect of exercise interventions on prepost changes in HRQOL across 19 intervention studies. A single intervention study accounts for a large portion of this effect (Mendonca et al., 2013) . When removed, the aggregate effect size was reduced to a small to marginal effect. Generally, findings supported the primary hypothesis that increased physical activity would result in better HRQOL in a limited way. This finding mirrors systematic reviews of physical activity, health, and well-being outcomes in adults (Bize, Johnson, & Plotnikoff, 2007) and youth (Granger et al., 2017; Poitras et al., 2016; Wong et al., 2017 ). Yet, previous reviews in children and adolescents included highly heterogeneous studies and were unable to calculate overall effect sizes; thus, this review extends the literature by quantifying the overall size of this effect in youth. The small to marginal positive effect found in this meta-analysis indicates that increasing physical activity may result in positive, but limited increases in self-perceived health in youth.
To better understand these results, the small overall effect was interpreted in light of the minimal clinically significant difference (MCID), which is the smallest change in a target domain that is needed for a patient to perceive a change as clinically beneficial (Copay, Subach, Glassman, Polly, & Schuler, 2007) . A change above the MCID threshold indicates a level of improvement in the target outcome that would recommend a change in care, such as participation in a physical activity intervention to improve HRQOL. Varni et al. (2003) developed recommended levels for MCID using one standard error of measurement for the Pediatric Quality of Life Inventory (PedsQL), the most commonly used measure of HRQOL in this review. This recommended MCID equates to a prepost change in total HRQOL of 4.4 based on child-report or 4.5 based on parentproxy report (Varni et al., 2003) . Of intervention studies included in this review, only three treatment groups saw improvements in HRQOL that met this criteria based on child-report (Wafa et al., 2011) , parent-proxy report (Yackobovitch-Gavan et al., 2009 ), or both (Mendonca et al., 2013 . In addition, one of these studies showed greater improvement in the control group than the treatment group (Yackobovitch-Gavan et al., 2009 ) and one study was a significant outlier (Mendonca et al., 2013) . Therefore, in most cases, the small effect sizes seen after exercise interventions did not indicate a clinically meaningful improvement in HRQOL.
A closer look at exercise interventions for youth provides insight into the observed effect sizes. Two reviews of exercise interventions in youth found small to negligible improvements in objectively measured physical activity immediately after or 6 months after an intervention (Metcalf, Hosking, Jeffery, Henley, & Wilkin, 2015; Sims, Scarborough, & Foster, 2015) . Average increases in activity level after an active intervention were only 4.47 min per day (total activity; 1.47 min per day of MVPA; Sims et al., 2015) . With minimal change in physical activity, it is not surprising that downstream effects on psychosocial outcomes like HRQOL would also be small.
Some evidence suggests a dose-response relationship between physical activity and HRQOL, with 1.5-2.6 unit increases in physical functioning HRQOL reported for each increased hour of activity (Gopinath et al., 2012) . This implies that adolescents would have to increase activity levels by over 2 h per day to achieve a change in HRQOL commensurate with estimates for a clinically meaningful change (HRQOL total score difference of 4.4; Varni et al., 2003) . In contrast, physical activity guidelines recommend youth above 6 years engage in 1 h of MVPA to achieve health benefits (U.S. Department of Health and Human Services, 2008; World Health Organization, 2010) . This disconnect between physical activity guidelines and changes in activity after an exercise intervention will be a key area for future research.
Twelve out of 19 intervention studies failed to use objective measures to assess changes in physical activity. Ten of the studies did not measure physical activity at all. Without direct measures of prepost physical activity, small observed effects on HRQOL could be because of intervention failure, compensatory decreases in naturally occurring physical activity (e.g., Melanson, Keadle, Donnelly, Braun, & King, 2013) , or low-level changes in activity that were not large enough to detect subjective health-related benefits. Research suggests that intervention effectiveness is related to the level of implementation in health promotion and prevention studies, making physical activity intervention fidelity an important area for continued research (Durlak & DuPre, 2008) .
Limited effect sizes could also be because of differential effectiveness of the type, duration, frequency, and intensity of exercise. Exercise interventions in this review were highly heterogeneous, ranging from conventional cardiorespiratory and resistance training (e.g., Tarakci, Yeldan, Baydogan, Olgar, & Kasapcopur, 2012; van Dijk-Lokkart et al., 2015) to multidisciplinary treatments (e.g., Vos, Huisman, Houdijk, Pijl, & Wit, 2012) to specific, alternative exercise types, such as aquatic training (e.g., Takken, Van Der Net, Kuis, & Helders, 2003) . Differences in type of exercise may help to explain differential effects of physical activity on HRQOL. Anecdotally, larger effects sizes were observed for studies that included individual cardiorespiratory and strength-training (e.g., Tarakci et al., 2012) and more exercise sessions (e.g., Mendonca et al., 2013) . While passive interventions (e.g., Azevedo, Burges Watson, Haighton, & Adams, 2014) and aquatic exercise once per week seemed to yield small negative effects (e.g., Takken et al., 2003) .
To further assess why some exercise interventions resulted in larger effects on HRQOL than others, intervention contact hours were included as a proxy for intervention duration and frequency in this meta-analysis post hoc. Although intervention contact hours did not moderate the relationship between physical activity and HRQOL, analyses were limited by six out of 19 studies that failed to report detailed information on intervention frequency and duration. Consistent with the model proposed by Lubans et al. (2016) , this may indicate that factors such as type of exercise, number of training sessions, and how the intervention was administered largely impacted the effectiveness of these interventions. Additional factors like autonomy, support, and enjoyment may also be important to examine in future physical activity interventions (Lubans et al., 2017) . Future research is needed to develop exercise interventions in youth that are of adequate frequency, intensity, time, type, and context to facilitate meaningful changes in subjective psychological well-being and quality of life. Lubans et al. (2017) 's SAAFE principles may be useful in developing future physical activity interventions for youth.
The secondary aim of this review was to explore moderators of the relationship between physical activity and HRQOL. None of the a priori moderators, including chronic disease status, weight status, sex, and study rigor, were significant, nor were post hoc This document is copyrighted by the American Psychological Association or one of its allied publishers.
moderators of age and intervention contact hours (a proxy measure of exercise duration and frequency). Limited variability in a priori moderators across studies, particularly for chronic disease status and weight status, limited these analyses. Further, differential study types (i.e., child-vs. parent-reported HRQOL, descriptive vs. intervention study designs) required analyses to be conducted in four separate models. Previous reviews were unable to calculate even overall effect sizes in youth because of high heterogeneity between studies (Granger et al., 2017; Poitras et al., 2016; Wong et al., 2017) , indicating that moderators not assessed could explain study variability. Although a priori moderators were not significant, effect sizes did qualitatively vary across study type and HRQOL reporter. In general, larger effect sizes (Hedges g ϭ .279 -.522) were observed for intervention studies, indicating that HRQOL is a construct that can be positively altered by physical activity education and structured exercise involvement. Effect sizes were typically smaller in descriptive studies (Hedges g ϭ .115-.302) where physical activity and HRQOL levels were measured concurrently without intervention. Aggregate effect sizes were more consistent across studies that used child-report of HRQOL (Hedges g ϭ .279 -.302), while effect sizes based on parent-proxy reports of youth HRQOL were more variable (Hedges g ϭ .115-.522), which was likely because of the limited number of studies that included parent-proxy reports. Unfortunately, these variations were unable to be tested as quantitative moderators because of differences across meta-analytic models, which would be inappropriate to directly compare.
Finally, aspects of study rigor and systematic limitations in the existing literature should be considered when interpreting these results. Almost all studies reported adequate demographic variables and most studies reported intervention drop-outs or study completion rates. Over half of the studies included multi-informant reports of HRQOL. A fair number of studies included a sample size of at least 40 participants (or 20 participants per group) and most of the intervention studies used randomized controlled designs. Studies were less likely to collect data from multiple sites, report use of a standardized treatment manual, or use blinded assessors. No studies reported treatment fidelity. For future studies, larger sample sizes and consistent inclusion of both child-and parent-proxy reported outcomes should be a focus. Areas for improvement in study rigor are a need for the use of standardized intervention manuals and intervention fidelity checks, as well as consistent inclusion of blinding to reduce the potential for biased outcomes.
Strengths and Limitations
Beyond the specific limitations of the literature noted above, the present study had limitations. As with any meta-analysis, there was a risk that the literature search did not capture all of the relevant literature or found skewed effects because of a failure to include unpublished studies. However, the authors tested and reviewed search terms with colleagues before the database search, conducted forward-and backward-searches to identify additional articles, and contacted authors for missing information to help ensure that the search returned the most complete literature possible. Based on the number of studies in this meta-analytic review, it is unlikely that an additional 10 -42 unpublished, nonsignificant studies exist that could reduce the generally small, positive effects found in this analysis to a negligible effect for three out of four models. Study inclusion/exclusion criteria excluded interventions without control groups and limited the types of HRQOL and physical activity measures; however, these decisions were made in an effort to include higher quality studies that were directly comparable.
Despite these limitations, this meta-analysis had a number of strengths. This review included a broad sample of children and adolescents and provided the first integration of previous research that cuts across pediatric populations for a broader understanding of the relationship between physical activity and HRQOL in youth. Additional strengths of this systematic review included the breadth of the literature search, systematic coding to assess study rigor, and statistical techniques (e.g., Q-statistic, fail-safe N statistic) to evaluate the quality of the literature from which conclusions were drawn. The authors accounted for variations in study sample sizes and their potential impact on effect sizes by calculating Hedges g, rather than Cohen's d, to reduce bias because of differential sample sizes. Findings were also related to MCID standards to provide clinically relevant interpretation of intervention effects.
Conclusion
This synthesis of the differential effects of physical activity on HRQOL across pediatric populations revealed a small to negligible positive association between physical activity and HRQOL in descriptive studies, and a small to medium positive effect of physical activity on HRQOL in intervention studies. For intervention studies, effect sizes were largely impacted by a single intervention, and effects were attenuated if this study was removed. Overall, physical activity did not appear to have a clinically meaningful effect on HRQOL, implying that existing structured exercise interventions may not be of adequate intensity, frequency, duration, or type to significantly improve HRQOL in youth. As the use of patient-reported outcomes and HRQOL measures continue to increase in response to national health organization initiatives, additional research is needed to determine the level of physical activity required to improve HRQOL in a clinically meaningful way across both healthy and chronically ill pediatric populations. Researchers should be mindful that the dose of physical activity needed to improve psychosocial outcomes like HRQOL may not correspond exactly with current physical activity guidelines for youth. Most importantly, additional research is needed that objectively measures the impact of exercise type, duration, frequency, context, and intensity on HRQOL in children and adolescents.
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